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MEASURING STANDARD ELECTRODE POTENTIALS

There are three main types of halfcell whose E° value can be obtained when connected to a m%
electrode (SHED

¥

N

« metal metal ion halfcell (Cu®™ JfCu®)
= non-metal/ non-metal on hatf-cell (C4F JCLY
» ionfion hali-cell. (Fe™ /Fe™)

Measurement of Standard Electrode o

Potential of a Cu™fCu half Call: é

Figure 105 shows how 1o measure the E° fr—r"’_ﬁ'-:“ _'l;_

value for a Cu™ /Cu half<ceil. The Cu™ /Cu  covor e —] [ | =y

half cell 5 connected to the SHE and the 2

voltage measured. The voltage is «0.34 V. The T

copper is the pasitve terminal (positive pole) .-

of the cell and the SME is the negative terminal 11l s

The two half-equations are: | o) P S X
Oy~ 26 —Cy, E=+03aV ik . " —

5 1
H;“h—e _‘EH:"'!' E* =0.00V m:m"m'mmmﬂlc"ﬁ'tﬂh&

The E* values show us that Cu™" ions are eauier to reduce than H"iul‘li (they have a more POsitng o
value). Cu™™ tons are more likely to gain electrons than M wons. S0 Cu™ ions will accept electrons from g
H' /H, haif-cell and H. will lase elactrans ta the Cu'* /Cu half-cell

Measurement of Standard Electrode Potential of a Zn**/Zn Half Cell:

Figure 106 shows how to measure the E° valye for a Zn™" /Zn hall cell. The voltage of the 2n™ /7, [
cell s -0.76 V. Zinc metal is the negative terminal (negatwve pole) of the cell and the hydrogen electrogs
the positive terminal,

The two hatf-equations are:

:?.I'I'."m--II!“——-MNJ,"1 E' =000V

I ~2e —In, E=-076V
The E* values show us that In™" ions are more difficult to
reduce than H™ ions (they have a more negative E° value)
In'" ions are less likely to gain electrons than W™ lons. 50, Zn
will lase electrons to the H /H, half-cell and
H* ions will gain stectrons from the Zn™ [Zn

@ Rock Your Mind!
5 The standard axidation potential of s g
0.76 volts and reduction potential -
wolits. Explain.

hali-cell. -
From these two examples, we can see that: o
= Reduction takes place at the positive =
terminal of the cell. For example, in the = =
0™ f2n; W /H, cell:
=1 S - {1
Mg+ —oHy, 5
= Owidation rakes place at the negative = Ca T e
. g P ~TIEA, [

terminal of the cell. For exampls, in the
Zn™ /Zn: W [, cell:

Ty 2L + 287

i1 e

Figure: Beasuring (he wtsndard elecireds petentisl of 8 InIn el
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ELECTROCHEMICAL CELL (GALVANIC CELL)
—

7 Describe the construction and working principle of the Zn-Cu Gahvanic cell

% Galvanic Cell:

a cell in which the comversion of chemal snergy into electrical energy takes place spontanscusty in
gapthermic redon process with oudation at anade and reduction at cathode

For Example: A w4 broge £an be substhsed by 8
Cu* Jf Cu ff In® J/ Zn cell E=li0v w‘;‘nw?
Or  Ing/ZnL IMICHLIM/Cu,  Eeiriv

« A gahanic cell is designed to take advantage of spontanecus
transfer of electrons

» A Gatvanic Cell, 15 also known as a Violtac Cell.

pmmples: Daniel cell, dry cell etc

For example: In, +2¢”——In voltage=076V

# the 521 brdge 3 remcved. e ernd of
e ol crops 1D D90

inorder to measure the electrode patential relating to the half-sguation
Gy~ 28— Cu
A pure copper rod i placed in 2 solution of Wf;: ions (for mample copper{il) sulfate solution). This

cu'" /Cu system is called a half-cell,
The following standard congitions are used to make the hatf-cell:
« The Cu,, ions have a concentration of 1.00 mol dm™

+ Thetemperature is 25°C (258 K)

« The coppef rod must be pure

if we connect two half-cells logether, we have made an electrochemical cell. We can measure the voliage

between these two half-cells. Figure 10.7 shows a Cu”" /Cu half-cell connected to a Zr°" /Zn half-cell ta

make a complete electrochemical cell

Half-cells are connected together using:

«  \Wires connecling the metal rods in each half-cell 10 a high-resistance valtmeter; the elactrons flow
round this extemnal circuit from the metal with the mare negative (or less positve) electrode potential
to the metal with the less negative [or more positive) electrode potential

« Salt Bridge: A salt bridge 1o complete the electrical ciruit allowing the movement of ions between the
two half cells so that ionic balance ks maintained; a salt bridge does not allow the movement of slectrons.
A salt bridge can be made from a strip of fiter paper [or other inert porows material) soaked in a
saturated solution of potassium nitrate.

+ The voltages for the half cells in Figure can be represented by the following half-equations:

:r'-“ +2le” —pCum E=+034V
Iny,+2 —sIn, E'=-076V



Pieggh peassiance vabmeles salt bidge containg a |‘1ﬂ-‘l'l|- _m. 1oyt ‘-!'l.-lu_m' _&JTU;-M. b I.ETﬁ.Eh;ﬂTW: h_"".‘;lr } —I
| ) calculate the voltage of a cell having iron and copper electrodes,
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'-W :tf:ﬂr:__w _____ —

] i TaiEnias = o . ! ";.1=H::ﬂ+h' E* =-0.44V
e W ‘ﬂf;ﬁh‘_—_‘m‘,} B =044V
Data:
3 fei*s 26" <+ oy, E'=-044V
L Sy ot 428" =¢ QU E7 = 4034V
| 1l it looks like you might have written Cu™ + 26 ~» Cuy, also a3 ~0.44 V' by mistake, but the standard value
. B i ﬁi_-_ 5+034V,
_— u 230 o Tempaiahae | 4 in” sep jdentify the anode and cathode
AT z Ll The electrode with lower E® is the anode {exidation)
Figure: An electrochemical cell, made by connecting a €u™* / Cu hali<cell o 3 20" 2 hall-call, The electrode with higher £° is the cathade [reduction).
4n electrochemical cell is made by connecting a Cu™ /Cu hall-cell o 2 ' f2n hall-cell, The elatisg Ancde: Fe—Fe™ + 20 £ =042 V)

values of these voltages tell us that Zn™ lons are more difficult to reduce than Cu® lons.
At the anode, zinc undergoes oxidation, losing electrons to form zing ions:

Zn‘,}—ﬂnl‘;, +2e
These electrons travel through an external circuit to the cathode, where copper ions gain electrons ang ,,
reduced to form copper metal;
c"h}up . Il.'_——rﬁ.r[-l}
The overall cell reaction can be represented as:
Zny, +Cuy 2, +Cu
This process effectively converts the chemical energy of the redox reaction into electrical energy, whih

can be connected 1o perform waork.
The voitage generated by this cell is +1.10 V.

Epn =Epy +E5, =403 [-0.76)= <110V ~ .

« Cathode: Cu™ + 3™ — Cu (E* = +0.34 V)

sep s Calculate Cell Potentlal

[:'.: i "'E:m“

£, (4034 V)-(-0.44 V) = 40,78V

Final Answers:

) Asalt brdge maintains charge balance and eompletes the elrcuit in a veltaic cell.

@ Rock Your Mind!
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APPLICATIONS OF E®* VALUES

'5_ Direction of Electran Flow

we can Infer [deduce) the direction of electran flow In the wires in the external cireult by camparing
the E* values for the two half-cells which make up the slectrochemical cell, For example, in Figure 10,9

In a Cu-Zn gahvanic cell, zinc{Zn) serves as the anode, and copperlons {Cu™) in solution serve as the eathods,
The E° value for the Ag® /Ag half-cell is more positive than for the 2n"" f2Zn half-cell. So, the Ag+ /sy
half-cell is the positive pole and the Zn™ /Zn half-cell is the negative pole of the cell,

..
l::F

Functlons of Salt Bridge:
The purpose of the salt bridge is to prevent any net charge accumulation in either beaker by allowing
negative ions to leave the right beaker, diffuse through the bridge and enter the left beaker, If this
diffusional exchange of lons does not occur, the net charge accumulating In the besakers would
immediately stop the fow of electrons through the external circuit and oxidation reduction reaction
would stop.

Keeps the elecirolyle solution neutral.

Minimizes or ellminates the ligud junction potental

i QUICK CHECK 10.6 -
What Is the function of salt bridge in the voltaic cell? !
A salt bridge is a crucial component in a voltaic cell. its functions are: I
*  Maintains electrical neutrality in bath half-calls by allowing the flow of inert lons. i
#  Prevents the solutions from becoming charged (e.g., accumulation of positive or negative lons) |
= Completes the electrical circuit, aliowing electrons to continue flowing through the external wire !
*  Minimizes liguid junction potential, ensuring a stable cell voltage. |

e  — — i — —  — —— - —— — A — e — — i — o

these voltages are;
Ay ve* =24y, E° =080V
g ¥28° ==In,, E*=-076V

s The relative values of these voltages teli us that Zn™* jons are more difficult 1o reduce than Ag® lons.
« 50, In metal will loge electrons to the Ag® /Ag half-cell and Ag® lons will accept electrons from the

In™ /In haifcell,

+ The electrons move through the wires in the external circuit They do not travel through the

electrolyte solution.

« 5o, the electron flow is fram the Zn'* [2Zn half-cell to the Ag” / Ag half-cell.
& In other words, the flow iz from the negative pole to the pasltive pole. Remember that the maore

positive pole attracts the negatlve electrons.

Feasibility of [=]
« Standard electrode potential values, £°, pive us a measure of how easy or difficult it is to oxidize or

reduce a species. The E° values are listed in order of increasingly negative values.,

= For each hall-equation, the more oxidized form is on the left 2nd the more reduced form s on the nght.
# The more positive the value of E°, the greater the tendency for the hall-equation to proceed in the

ferward direction, and the easier it is to reduce the species on the left af the hall-equation.
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s The less positive the value of F, the greater the tendency far the hall-equation to I;;:;"‘\\
reverse direction, and the sasier It is to oxidize the species on the right of the half-equation,
= Tocheck the feasibility of reaction between Mg™* and Ag
Mg'" +Ag—7
We nzed haif cell equations and E* values i
hll"*]e'—“MI F=-231V
Agt+le” —2ag E" =+080V
Mg'" are suppoted 1o be reduced here and Ag is supposed to get oxidized, So calculating E° ceyy Bive;
& b
I E:ll -Ell
= (=232} = (+0.80)
= =152V
Negative vatue of E; Indicates the reaction is not feasible.
On the other hand reaction between Ag* and Mg Is feasible as for this reaction E* cell will be POty
given below.
B = Bt
= [=0.80) - |=2.32)
= #1572V
Therefare, the feasible reaction is
2Ag" + Mg, — Mg, + ARy,
Strongas!
Oxidizing agent
_E‘E . Fa E] E E" E z
35 E Cl, # 20 e 2CI"(ag) E*=+1.36V EEE g E
£5 B Ag'(sq) + o s Agls)  E"=+0.80V --ggiu
rt i Cu™faq) +2€ === Culs)  EV= 4034V g ﬁi
ig g. Hisq) + & s—=alhifg) E"=+0.00V a %o
a
2Ecry 207 (ag)+ 20~ et Zn(s).  E'=-0.76V E 8%
6% b E Mg™ (ag) + 20~ wmmms Mgls)  E"=-238V ; XE
68 §EE . ]
~ &
Strongesi
Reducing agent
— e = = — igute: Standard electrode potentlals for some oxidluing and reducing agents
| QUICK CHECK 10.7
a)  Explain the following keeping In view the standard electrode potential values

|
I
|
I
i
|
|
|

E:r,rmr=+1'“v‘£:qfl

Ans. Explanation using standard electrode potentials:

|

i

|

=+L07V , E E
]

We are given- |
[}

|

i

|

i

|

:,ﬂr':mv

E:.‘,ﬂ:r' =+1.36V

E

By fme”

=+107V
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i “These valves indicate how easily he halogens act as awidizing agents. The higher the E° value, the |
| stronger the oxidizing agent. 1
I, The aqueous solution of lodine can be oxldized with bromide or lodide lons. !
! Ans. This statement is Incorrect as written. It likely means: |
! *The agueous solutlon of lodine can be oxidized by chiorine or bromine lons.* i
| put using the actual meaning with the given standard potentials: !
i » lodine [1;] has a lower E* value than both bromine and chiarine. |
! « Hence, lodine is a weaker oxidizing agent than both chlarine and bromine. "
| « So,lodide lons (I°) can be oxidized 1o lodine by both €Ly and Bry (which have higher E* values). !
I « Butlodine cannot exidize Br- or CL” because it 15 not strong enough as an oxidizing agent. |
! corrected Explanation: '
|  Agueous iodine cannot oxidize bromide or chloride lons because its standard electrode potential (+0.54 !
i V) ks lower than that of bremine (+1.07 V) and chlorine [+1.36 V). Therefore, |, is not strang enough 1o |
| pull electrons from Be~ or €L~ ions. '
i j. Why bromine docs not react with chloride lons? !
| and. |
| « Bromine [Bry) hasanE*=+107V '
i s+ Chlorine (CLy) hasan E* = +1.36V |
v since CLy 18 & stronger oxldizing agent than Bry, Bry cannot oxidize CL” lons to CL;. ;
! Explanation: i
i gromine does not react with chiaride ions because the standard electrode potential of chiorine is higher |
|__ thanthatof bromine, Therefore, 8¢ ls not stang enough lo catie L o€, "
-; Oxidizing and Reducing Agen ing E®

Look back at Flgure. Note the following as the values of E* for each of these reduction reactions gets mare
mﬂilh‘!.

The qu:.:::n the tlu.‘:.z: thi jquair;::::mme weaker oxiditing @ Rack Your Mind!
agents. accepl elecirons less r ’ L T ————
7 redan anbdizl
The species on the right of the eguation become stronger w“m 4 o o
reducing agents. They release electrons more readily. | &) Gaing efectrons
- e I 8] bs oxidized
Cu will not reduce ?n ions 1o Zn. S0 how can we reduce Zn (€ Vases ehections
jons? The answer is to react the Zn™ ions with a stronger {0} 13 hydroted
reducing agent, which should have an E* value more negative
than the E* wvalue for Zn*"/Zn. in Figure we see that the hall-
equation Mg™ /Mg has a more negative £ value. 5o, Mg ls a . @ Rack Your Mind!
itakl " i 8. The rediction potentlsl of In b
suitable reducing agent (A} =076 Va (8) 0,38V
Ingi,ve" —sln, E'=-076Y [c+o3ay (o} +0 76V

Mgj,,+2e —s Mg, ["==238V
In™ Is the better oxidizing agent. It is more lkely 1o accept electrons than Mg'* ions. Mg is the better
reducing agent. It is more likely to release electrons than Zn.
Compounds can also act as oxidizing and reducing agents. For example KMnQ, [40.54 V) K,Cr,0,(+1.33 V)
are miidizing agent because of their higher B values, Whereas, Ki and Fe50, are reducing gents due to

thelr lower E° values.
Few compounds, such as H:0z can act both as oxidizing as well 3as reducing agents.
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VARIATION OF E* VALUE WITH ION CONLENTRATION

The position of an equilibrium reaction is alected by changes in concentration, temperaiure and presyyp, e
change the concentratian o temperature of haif-cell X, the electrode potential also changes. Under Thee g "
standand conditions we use the symbal £ for the electrode potential. Let us take an example of a m“iUrq““
1300 eaguiklaben am

Tuble: Varlation of Patentisl with lon Concentration

[Fe" Jimol dm ") | (Fe** Jimol dm™*) | E°(V) Effect
= 1.00 100 + 085 | More positive
< 1.00 1.00 #0.70 | Less positive
1.00 » 100 +0.70 | Leis positive
1.00 < 1.00 +0.85 | More positive
I, re'—ln, E=-0TE¥

o 2] sopreater than 1,00 mol dm ', the value of E becomes k.‘iﬁ'nﬂiﬂ'“-l'l maore Wmh"«‘{“r-uslul
o I 207") s dess than 1.00 mol dm ", the value of E becomes mare negative [ less positive (say 0,80,
Le-Chateher's princple can be apphied 1o redox equilibria, If we increase the concentratlon of the Pece,
on the Be1L of the equation, the position of equilibrium will shift 1o the right. 5o, the value of ¢ becomy,
mare positive / less negative change in contraction of lons and (ts effect on E7 15 shown in Table 10,
twa ditferent ions are present in the half-cell, we have to consider both jons. Let us take the equighy,,.
between Fe'" lons and Fe'™ jons as an example,
Fe"4 e
1.00 mol dm '

E'=4077V

— e
1.00 moldm™

NERNST EQUATION

——

Q. How electrode potential varles with concentration of an aqueous solution? Use the Nemst equation,

explain this variation.

Il we consider a cell made up from a silver/silver lon electrode and a copper/capper(ll) lon electrode, 15
reaction taking place is:

. 3o
Cuu,I + J'Agl_“ —sLu fa) * Ihgm
When E

—

|ﬂj interesting Information)

Nernst Equatlon:

The Mernit eguatian ban equation relatmg e
capacity of an atorn/ion to tike Up ore or men
electrons [reduction potential] measured ot sy
conditlons o ihal measured M stesded
canditions {standard reduclion patentisl of 25
K and one malar of one stemospheric pressune).

E" =+046V

is platted against concentration, we obtain a graph as
shown in Flgure

Mote that we have plotted the value of E,(non-standard
conditions for the cell as a whole) against the logarithm of the
silver 1on conpentration, The above redox cell reaction makes the
valueof £, more positive,

The effect of concentration and temperature on the vaiue of E,, can be deduced using the Nernst equation fer
a given electrode, e.g, 3 Eum ftu::u, electrode, the relationship is: ‘

_ o AT [oxidized form]
€=+ 3F [ reduced form]

where,
£ is the electrode potential under non-standard conditions

il

LAR ‘B CHEMISTRY (11"} -

-"""";T,;_u; standard electrode potential

ft is the g5 constant, B34 J K mol?! 0. T

115 the kelvin temperature -

1 i the number of electrons transferred in the reaction A A

F Is the value af the Faraday constant in € mol™ E:

the natural logarithm wl 02

5 [oxidized] refers to the concentration of the oxidized o

farm in the half-equation 2 =

|reduced] refers to the concentration of the reduced -+ 4 4 3 -7 -1 2
fzrm in the half-equation oy kg

Fuﬂﬂ""“'h‘" for a metal/metal lon electrode, we can Figen isawaeng fe corceinaies of whe cos @ Sl st
implify this equation in three ways:

The natural logarithm, In, is related to log to the base 10 by the relationship fna = 2303 log,.x
.  Atstandard temperature the values of R, T and F are constant, The equation then becomes

=F =5

=g, 0059 i l paidized form|

z [ reduced 'I'nrm]

or fope 0059, u[Redu:nd form|
z [Quidized form]

E!ﬂﬂ' Problam

what Is the electrede potential of 2 Zn electrode dipped in a solutlon containing 2Zn'* lons (0.1 M), The E*
olueof Zn'" JIn0 is-0.76 V,

solution: Using Half equation and €°,
' 42 —sIn  E=-076V
E= ;-a.?ﬁ}+—__“:':;$ inf0.1)
£=-0.76+(-0.025)=-0.78 V
ks Concentration of Zn'* is decreased to shift equilibrium backward and electrode potential decreases 1o -0 78 v
ACTIVITY SERIES OF METALS

« The activity series of metals is a ranking of metals based on their reactivity, specifically their tendency 1o
lose electrons and undergo oxidation,

& Mtetals higher in the aclivity serigs have more negative standard reduction potentials.
¥ It means they are more likely to lose electrons and undergo oxidation. Thus such metals 3ot as reducing 2gents.
«  Metals at the top of the series are the most reactive with water, owygen and acid. For example, alkal

metals like cesium and sodium are highly reactive and cxidize readily. They react vigorowsly with
substances like water to form jons and release hydrogen gas.

s The metals which are placed lower in the actiity seres, such as noble metals like gold and wbver, do not oedize
easily. They are less reactive and do not readily lose electrons, that ls why they do not react with wates
s Metals at the bottom of the senes are the least reactve with water, oxygen and acid.

+ The position of a2 metal in the activity serles direclly correlates with its ease of owidstion and cverall
reactivity. In other words, these have a greater tendency 1o gain electrons and undergo reduction and act
a3 oxidizing agents.

«  Activity series of metals s actually reactivity series.
Thus, the activity serles can be understood in terms of standard reduction potentials: metals with mare
negathve potentials are more reactive and onidize more readily. Metals with more positive potentials are
less reactive and oxldize less readily (as grven in Takble),
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Tadde Actaity Senes of Ml =
| Metas | tons | £%(v) Reaction Qcourming o Fer Entry T
u | g =205
N | o |-233 §
- aa | 290 | Jeactwith cold water, replacing 3
- —— mvdragen 5
1S IS a0, —IMON, oM, 3 H
G | g |28 i 5 2
g Nt~ | =271 i 3 E
LY I . 37 =
| omgt |23 H g 2
&= | =188 = =
=l 1:° Reacts with steam (But not with cold i E‘;
= 13t 17878 | water) replacing hydrogen. 5 5B
N -]
o o | -0 "“L.l.‘":u.rn_"'m.uliﬂ-‘."' s 3z
R e o : H
=
£d | oo |-020 : -~ 3
T | o |08 i E
N LN 1035 | s not react with water. React with 20ds, 5
50 | sn | 033 | repiacing hydrogen. i
P2 | pyt |=023 My =HOE  —— MO =R, \/ !
=, W | 000 | iIncluded as reference
Cu cut™ | =034
HE wg't | 082
2 ag™ | =082 | Unreactive with water or acids.
= it |+118
Au Au™ I =1.50

FEASIBILITY OF REDOX REACTIONS FROM ACTIVITY SERIES
OR REACTION DATA

s  The acthvity senes is actually a reactivity senes of matals, in
order of reactaaty from highest to lowest.

- it 5 used to determine the products of single displacement
reactions; whereby metal M, will replace another metal M, in

a solution if MY s higher in the senes.

= Feasibility of a Reaction
From the activity series of metals, we can determine whather the reaction is feasible or not. We sum gp
the potentials of hall reactions, if potential of the cell is positive it means the reaction 15 passible, however,
if emf is negative, the reaction is not feasible. Let us see the reactions:

@ Rock Your Mind!

3, Ma and K can daplace bydrogen from
acids but Py, Cu cannet. Explain.

F!';:ﬂ -2e =F!HF E[.rrﬂ ==04V
“‘:ﬂ. +le” 1—-‘&'“ El."wﬂ =+0.050 V

.
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g ovEral FEASTION 15
&lll-w;ﬂ. IFE’.L,'N”

e coll potential 5 positnve; hence the reacton is feasible

fo = 2ARL, —Fe, ~2A3 E_, =0.080-[-0.84) = ~1.25 V From the actwity senes of metals, we have

€y =0.080-(-0.44) = =128V

'\ I -
Al . =H‘“.

] 'E_-‘I!-Lﬂ"f

AL, -l =2y, B = *0.080 V
= — - -
M-ll.-"“iar"'—ul_ll"“mr q_'——i.ﬁﬁ-ﬂm--uﬂ‘lf
of E* values of the two half-cell reactions o negative Hence the reaction is nol feasible

iFl| QUICK CHECK 10.8
it
srate the Nermnst equation, why is it significant In electrochemistry.
srate the Nemst Eguation and Its Significance
Wernst Equation:
For 3 half-cell reaction at 25°C (298 K], the Nernst equation is:
£=E - u.uﬁ!lmlned]

-
-

‘E-‘:—

n [}
gr, more commaonly witten for omdation-reduction reactions:
- _u.u:gi o5Q
Where

« E=efectrode potential at nen-standard conditians
« E*=standard electrode potential
» n=numberof electrons transferred
« 0 =reaction quotient {ratio of product to reactant concentrations)
significance in Electrochemistry:
« It aliows the calculation of cell/electrode potentials under non-standard conditions.
« Explains how electrode potential changes with concentralion, pressure, of temperature
s  Crucial for predicting direction of redox reactions, and in designing electrochemical cells.
What 1s the effect of variation In lon concentration on the standard electrode potential of a half
reaction?
Ans. EHecl of lon Concentration en Standard Electrode Potential
« Standard electrode potential (E*) is fixed, measured at standard conditions (1 M, 1 atm, 25°C).
s However, the actuzl electrode potential (€] vanes with ion concentration, s shown by the Nernst
sguation.
» Increase in ion concentration [oxidant): shifts equilibrium —» increases E
s« Decrease in lon concentration: shifts equilibrium — decreases E.
%o, electrode potential becomes more positive or more negative depending on concentration changes.

] Give answers using E* values l:[:._". =+0.80V, rn,_m--uw.z' _m=-l:IM'u‘j.

Which of Ag®, €r' and Fe'*, Is the strongest oxidizing agent? Which Is the least oxidizing? Explain
with reason.

aos. B, =+080V ‘

B sy, = =044V

Ebwf'“-"”

Strongest and Weakest Oxidizing Agent:
«  Oxidizing agents = species that gain electrons (i.e., get reduced).
* _Higher E* —» more easily reduced — stronger oxidizing agent.

=

-
- — - — R S e

— — e e e e e e  —



Strongest oxidizing agent: Ag® (E° = +0.80 V)
Weakest oxidizing agent: Cr'* [E£* = =091 V)
Arrange Ag, Cr and Fe In Increasing order of thelr reducing powers.
4. Increasing order of reducing power (Ag, Cr, Feo):
fleducing agents = metals (Ag, Fe, Cr) that lose electrons [get oxidired),
Lower E% of thelr conjugate lon —» betler reducing agent.
Order (increasing reducing power);

> =

Ag<Fe<Cr
What Is the electrode potential of a Cu electrode dipped In a solutlon eontalning Cu™ lopy (0.0

The E* value of Cu™ fcu® s +0.34 V7
Ans. Electrode potential of Cu electrode In 0.01 M Cu™ Solutlon:

M,

Given Data:
. £ " fee w034V
o [Cu''|=0.01M
s =
Using the Nernst Equation:
fef'- DDE’E'I 1
T e
0.0591 1
E=03~ —
2 hl[o.m]

E=0134=-002955 = log[100)

E=034-0.02955 = 2 = 0,34 =0.0591 «0.2809 ¥
What Is the electrode potentlal of CLfCL; half cell at 25 °C, If concentration of CL s 0.05 mel dm,

l:-f‘-i 20" —=2CF" E'=L36V
To Find: The electrode potential of the CL/CL" half-cell at 25°C, wi use the Nemst equation;
Ghven:
Half-cell: Cf ,,, + 2 —=2C¢F
Standard Electrode Potential: £° = 1,36V
[EL] = 0.05 mol dm?

T=25C=208K
Assume: PCL; = 1atm
Nernst Equation [at 25°C):
0.0591 1
E=E- log| ———
n “[mrr]
n = 2 {numiber of electrons transferred)
[cL”) = 0.05
Calculations:
0.0591 1
E= 1.36——— —_—s
. 22 2 |

E= 136- umgﬁh&[nmzs]

E = 1.36 - 0.02955 log(400)
Log (400) = 2.60
E = 1,36 -0.02955 = 2.60
E=13%-00768=128Y
In shert, the electrode potential of the CL/CL half-cell decreases from the standard 1.36 V 10 128V
whrn Ih: ﬂ‘ concentration Is anr.-r Iﬂ 05 MI A5 cakulmd using the Nernst rmﬂtlnﬂ
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PHOTOVOLTAIC CELLS

the word ‘photovaltaic is composed of phata (light) and velt (electrical potential). The cell which converts light

enerEY jto electrlcal energy s called photovaltaic cell

clpl otow Colls
The central princlple behind the operation of PV cells is the photovoltaic effect, which involves the
generation of voltage and electric current in a materlal upon exposure 1o light.
The photoveltaic effect livolves the excitation of electrons from the valence band to the conduction
band In semicanductors, facilitated by the energy from photons
This process is improved by the presence of a PN junction, which separates the electrons and holes,
creating a mltage that drivees an electric current

2 rita of Ph e C ahle Sourc ]

I, The phutﬂmituit elfect continues as lang as light |s present, making It a sustainable method far
generating electricity,

il. A pholovoltaic system is a renewable nmr“ source thal converts sunlight into electrical energy.

iil. The photovoltale systems use the sun's energy, making them a sustainable energy source that 15
Independent of fossil fuels.

WINKLER METHOD, BOD AND DO

chamical O n Deman D
“Blochemical oxygen demand (BOD) Is the capacity of organkc matter In natural water to consume
opuygen within o perlod of five days.”
The value ol BOD s the amount of oxygen consumed as a resull of biological oxdation of dissolved
organic matter in the samplhe,
The oxidation reaction is catalyzed by microarganisms which are already present in the natural water
It Is measured experimentally through Winkler method by calculating the concentration of orygen al
the beginning and at the end of five days period, In which a sealed water sample is maimained |n the

dark al constant temperature at 25°C

2

Dinalvad
Cuypan

@ Raock Your Mind!

10. The capacity of organlc matier in
natural waler Lo conume onygen
wilthin fwe days is calied:

&) DO 8] noD
Clcoo o) PAN

Concenirastion

Direction of Flow of River ——
Figure 10.12: inverse relationship between DOD and DO

o Dissolved Oxygen (DO}

“Dissolved oxygen (DO) is defined as the amount of oxygen diszolved in water, It Is dissolved either from
the atmasphere or released by plants during photosynthesis In water.”
Its concentration Is between 5 1o Bmg fdm'. The minimum level of DO should be Smg /dm'.

Below Smg fdm’, the water supposed 1o be polluted,
Dissolved Orygen (DO) and Blochemical Oxygen Demand (BOD) have an Inverse relationship as shown

In Figure
As bacteria consume oxygen In the water while decomposing arganic malter, DOD increases, leading

to lower dissolved oxygen (DO) level.
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2 Winklor Mothod =T Example: 2Fe « 3CE; —» 2FeCl,
s Winkler method is 2 technigue used to measure the amount of dissoheed orggen (D0) in water sampie, In this reaction, Iron (Fe) is cxidized while chlarine [CLi) is reduced. So, this iz a redox
= It is based on the idea that diusalved caygen (D) in the tample solution, has oxiditing properis; ang reaction
reacts with Kl Standard owidation potential of Zn means that Zn has a greater tendency of 0 76 volts than
e The smount of iodine formed is measured by titrating with sodium thiosulfate using starch g . SHE 1o oxidize or 1o lose elecirons when connected 1o it
indicator which turns the solution dark Blue, indicating the endpoint In o S = |
«  The amaunt of lodine farmed is proportional 1o the amount af dissolved caygen in the telution, 2y + 20 e S IGVOS
Principle: For the reverse reaction, which is reduction of Zn*? ion by gain of two electrons the £, 1
1. Paottasium ceide 5 oxidiced Lo | with the dissolved geygen (DO) present in the water sampls gy 5 5.0 with a reverse sign e,
adding MrS0s, NaOH and K ' Il +2e” =2, B =-0.76 volts
2. The baiic Manganic oside formed form HaOH and MnS0. 3t13 &5 @0 OXYEEN CArrier 1o enabjy the e i . . -
dissolved oxygen in the molecular form Lo take part in the reaction Seiians 7 DRpOLE 1 sach other, therefore their values of £, 9 fouw
3. The DO present in the sample oxidises the Mn'* 1o its higher valency which precipitates as 3 bt are same bul with an opposite sign,
hydrated oxide alter the addition of NaOH and K1 On acidification, manganese reverts back g Iny, ==1In7l +2e"
divalent :!.u: ;m:l an equivalent amount of mldnne is :MTIE? :':::::'—‘ TI:::’:-':;-HT::' liberatey Electromotive force [emf):
mmn,ﬂ e s e J The force with which electrons moves from anode towards the cathode through an
Reaction: external circuit in a gabvanic cell is called the electromotive force (emf),
= MnSO, + 2E0H—sMn[OH) +K 50, It measures the tendency of the cell reaction to takes place.
= 2Mn(OH), +0, —+IMnO(OH), (Basic Manganic Oxide) S *"": of » Cel:
Let us find the emf or cell potential of I gedl, f-cell s
= MnO(0M) +H50, —eMnS0, < IHO-0 . Fo 4 Daniel cedl, The half-cell reactions are
M1+ 1,50, + 0 —K,50, +H,0 o e iy NG
- * * o H i # -
| +NES,0 u' 5,0, + 2N |‘ ‘ " . Ty + 207 2l (Reduction half)
. '] ——sNa .
y TG rhE Y, o The averall cell reaction is
- i -F
, \ I, + iy =y, ~ In sl
Solution File @ Rock Your Brain! / The cell voltage or emf of the cell is gven by
\ . Eum =8, +F,,
Sr. Optlon | Explanation = 076V + 034V
Given Data: i
KyCr0y: Ouidation Numberof O = =1 7. A During & redox reactsan, an oxiditing agent Gains electrons.
Oxidation Numberof £ = =1 & A The reduction patential of 2n is =076 V
Requlred: il Displacement of hydrogen from acids involve oxidation of metal and reduction of H™ to H;
Osidation Numberof Crex = 7 gas from acid.
1. s.a Solution: M=sh +1e [Oxidation)
205 0l k) + (D501 Cr) + 4(0S 0 O] = O 24 26" oM, [Reduction)
el (ul+4(-2) =0 : -
et 5b In electrochemical series, those memls which are histed above H; have lesser values of
e reduction potential than H; electrode so thay possess high values of oxidation potentials.
i h
Onidstion Namber of G iaooi i Ok . sa MNa and X posiess high values of oxidation polential so .lhw iperate Hy when react witl
acds as they are present above Hyin elecirochemical series.
2 A in all godation reactions, atoms of an element in a chemical speces lose electrom and i :
5 intresase their padation state Ni-sha +le E:" =& von
HaoC! K=K =1 El. =1925volt
O No. of Na+ 0 No. of 0«0 Ng. of Cl= 0 On the other hand Pt, Cu, Au, Ag etc are listed below H; indicating greater reduction
. D [#+1) # [-2)+ D HNo el Cl=0 potential so they have negatre potential to undergo oxidation. eg.
#1-240No. ol Ci=D Cu—sCu™ +2e EZ, =~-0.34 volt
: ':: “;.::1“1 Therelore these metals are not abla to liberate H; gas when treated with acids.
L L] ni.
BOD (B | h I
4, 5.0 “Those reactians in which one speciey [atom, ion or molecule)] 5 oxldized while other a 10. ] SicchEanch, Omifen: omand) wwiiutel e Amoun: of ovggen; cantumed’ by
v mICroorganisms to decompose orgamic matter in water over five days.
reduced are called redoa reactions
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MULTIPLE CHOICE QUESTIONS (MCQs)

Q.1 Fourcholces are given for each question. Select the correct cholce.
I.  The activity series of metals arranges metals In order of their

a) Atomic mass b] Density ¢} Ease of cudation dj Ease of reducyigy,

il.  According to the activity series, which of the following metals would most readily displace h'l'dl"n' -
from dilute aclds? L]
a) Capper (Cu) b} Siiver [Ag) £} Magnesium [Mg) d) Platinum [Py

. The salt bridge allows transfer of In Zn = Cu valtale cell.
{a) 20" hons b 50! ans fc) Bath d} None of these

V. 1 Zn=Cu galvanic cell works Ideally after complete discharge, both compartments will have:
a} Cus0, solution b} Zn50, solution ) Cu? ions d) Zn zalid

V.  Which of the following half-reactions represents a reduction process?

a) Iny =+ 20y + e o) €y, v 26 =200, d) TH L +2e7 K

VI. Which of the following half-reactions represents (he ouidation process octurring |, -

disproportlonation of Cu*?

3) Qi +2e —Cu,,  b) Cuf, +e” —Cy, £ Cujy —+Cuf oy 78 d) 2":”1.1-&'_"(-'-'::.,+Euu
VIl 1 salt bridge Is not used between twa half cells in a Galvanic cell, then the voltage

a) Decrease slowly b Decrease rapidly ¢} Does not change d] Drop 1o zero
VIIL. In an electrolysis experiment, if a charge of 96,500 Coulamis is passed through 3 selution, the amoyn

substance liberated or deposited at the electrode s directly related 1o:
a) Mass number of the ion b) One mole of electrons baing transferred
c) Avngadro's number of jons being discharged g Standard electrode potential of the metal ion
DL The esperimental determination of Avogadro's number through electrolysls typleally imvghyp
measuring:
&) The current and voltage applied,
b) The mass of the substance deposited ar iberated by a known charge.
c) The conductivity of the electrobytic solution
d) The temperature changes during electrolysis.

X. The principle of measuring DO by Wrinkler's Method is based on

b Fej,, —Fell, e

a) lodimetry b) lodametry ¢) Acid-Base titration d} Complexometny
¥l A positive value for the standard electrode potential (E° ) of @ metal lon/metal half-cell (eg., G /ey
Indicates that:

a) The metal is a strong reducing agent.
b) The metal ion is readily ondized
¢} The metal ion is readily reduced
d} The metal will readily displace hydrogen from dilute acids,
Xi.  Which of the following changes would typically lead to an Increase In the rate of electrolysis?
a) Decreasing the concentration of the electralyte
b) Increasing the distance between the electrodes
c) Decreasing the surface area of the electrodes
d} Increasing the current passed through the electrolytic cell

-_—
4. No. 1 DOption Antwer Explanation
Metals are artanged based on how eatily they lose electrons. Mare
! i Ease of oxdation reactive metalt owdire easdy and appear higher in the seres
1] c) Magnesium [Mz) Magnesiom i mare reactne than hydrogen in the senes it donated
elecirons to H* iany, releasing hydrogen gas quickly
- The salt bndge carmes S0, ions to maintain charge balance 1t
i s 204 s completes the cifcull by allowing ion Mow without moeng solutians
T b} 2050, sol Zn oodizes and Cu'® reduces To Cu, tonsyming Cu'* ions The leftover
g electrofyte in both half-cells becames In50.
Fo: ) . . In reduction, a species gains electrons Cly gains electrodis ta farm 7,
y i a0 50 it's & reduction
‘-.; d) Drop to zero Withoul 2 salt bndge, charge builds up n the half-cells This stops
electron Now, and the cell immedately lases vollage
F—vll_ d) ICu* < Cut" + Cu In disproportionation, the same element & ouidized and reduced
One Cu” loses an electran [oudized). and the other gains |reduced] |
_;“ b) One mole of 96,500 C i3 1 Faraday, the charge of 1 mole of electrans  The amount
elactrons of substance deposited depends on electrans transferred
: B) Mass deposited by | Mass of metal deposited for a known charge ges moles of atoms
known charge This helps calculate the number of aloms (Avogadro's number]
¥ b lodometry Winkler's method invalves ttration of odine formed by DO T3 &
redox reaction measured uwing iodametnd Ltration
-; ¢} lani Ts rediiesd A positive E* means the ion gaing electrons easity. 1t s mofe lkedy 1o
be reduced than hydrogen
Xl dj IRCrREE DT H'IQI'E eurrent increases the number of electrons flowing per second
This speeds up ion discharge and increases the rate of electrobysis

SHORT ANSWER QUESTIONS

2

g2 Atemptthe following short-answer questions:

2. How and why electrical double layer Is farmed?

Ans. An electrical double layer forms at the interface between a solid electrode and an electrolyte solution It
consists of two layers: o layer of charge on the electrode surface and a layer of opposite charge in the solution
This structure anses due to =lactrostatic interactions between the electrade and the was in the solution

b Why electrode potentinl of Cu is called reduction potential?

Ans. The efectrode potential of Cu is called a reduction potential because it represents the tendency of Cu'®
ions 1o gain electrons [reduction) and farm solid copper. A positive value indicales a strong tendency 1o
gain electrons

e What are the advantages of salt bridge In a palvanic cell?

Ans. A salt bridge:
»  Malntains electrical nautrality by allowing 1on Mlow between hall-cells
«  Prevents the solutions fram mixing while complating the circuit
« Enables continuous electron flow, aliowing the cell 1o produce electricity,

d.  How can we predict the feasibility of a chemical reaction using the cell voltage?
Ant. The feasibility of a reaction can be predicted by calculating the standard cell patential {ELal A positive
L indicates a spontaneous reaction, while a negative £, suggests a non-spantaneous reaction
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e, During elecirolysls of aqueous NaCl why Na Is not liberated at the cathode? r—_l‘..lft.ull’ll the number of Faradays required to deposit 108 g of Ag"",63.5 g of Cu™ and 27 gof A",
Ant, Sodium [Na) Is not liberated at the cathode during the aloctrolysi of aqueous NaCL because wale n T Lauivalent mass of substance
lswer redue tion potential than Na® lons, Therelore, waler bs reduced 1o hydrogen gas Instead of """‘q And. e sativel aradays=Mass of subistance (g)/Lquivalen
reduced 1o Na meial equivalent mass (E) II;TU’IIM .I:ﬂ.ll
T alarmast
. Calculate the Ow, No. of chromlum [Cr) In the followlng compounds: € “Valency 0]
{Iy crce, {h} €r50,), (I cr,0} 1. For 108 g of Ag* (Siver)
Any, Onidation Number of Chromium (Cr) = Malar mass (Ag) = 108 gfmal
{1} CrCla: () Cral504)4: Valency (n) = 1
Glven Datat  Oxldation Number ol €F = -1 Glven Datai  Ouldation Number ol O « - £ 108
fguivalent mass () = —— =108 rialent
Required: Oxidation Mumbior ol Cr =« = 7 Oxidation Humber ol § = s o 1 ca
Solutlon: Required: Oxidation Number of Cr=x «7 Number of Faradays = . 1F
Oxkdation No, of Cr + 3{Dxidation No, ol €)= 0 Solutlon: 108g / equivalen
Kid-1) =0 1| Oxldation Ho. of Cr) « I[Oxidation No. gf O 2. For63.5 g of Cu™ (Copper)
a-1=0 12(Oxidation No. of 0) = 0 Muodar mass (Cu} = 63,5 gfmal
% =43 e Ieby e 12(-2) = O Valency (n} = 2
Owidatlon Numibser of Cris +3 in CrCly. +18-24 = 0 Equivalent mass [E) = L 11.75 gfequivalent
= 24-1B=46 2 T
x = +3 Humber of Faradays = ﬁ
Oxidation Numberof Cr s +3 10 Cry(504),. T ’ g/ equivalent
2, . uminum
() crol: Mglar mass (AL) = 27 g/mol
Glven Data:  Owidation Numbier of Q = -2 Valency (n) = 3
Required: Oxidation NumberoflCrex = 7 27
Solution: Eyuivalent mass (E) = 3 9 g/equivalent
2(Cxidation No. of Cr) + 7(Oxidation No, of Q) = -2 17
ber ol Faradays s ————u—ou
4 7|-2) »-2 o ol Ty e
=14 = -2 Final Answer:
Di=eld-2 =412 « Ag* (108 g): 1 Faraday
P « Cu™ (6.5 g): 2 Faradays
L3 '
Onidation Number of Cr is 46 In €1,0%" * ALY (27 g): 3 Faradays :
e = (Each Faraday = 96,485 Cfmol, but here we only calculate the numb-e?'nl' Faradays. )
. ﬁ.nm;ﬂ,:rfmuﬂﬂ:mmf rn:juh I::“d nnl:lhnlr MT:MII::,:.M' gt . Inan electrolysis experiment, a current of 0,500 A was passed through a solutlon of AgNO, for 30.0
i Gonnaris Y e m:m;tzlp:::“ tictur (Ifany ; minutes. The mass of silver deposited on the cathode was found to be 0.503 g. Glven that the molar
L] ._ "
1) Iron Is added to a dilute solution of hydrachlorlc acld, mass of silver is 107.87 gmol™ and the charge on a silver lon is +1. Calculate the value of Avogadro's
Ans, )  Copper is added to a solutlon of magnesium sulphate: == P number [Na) fram this data.
No reaction occurs because copper s less reactive than magnesium, Ans. Glven Data:
0] tron is added to a dilute solution of hydrochlorle acid: ':“;;E"'ﬂjl - g;:”‘ N—— -
me = 0 minules = seconds
I:'l!“I [ !‘Hc‘lm —Irl‘."ch_. +H-u|| Mass of Ag deposited {m) = 0503g
h. Explain why some metals higher In the activity serles can displace hydrogen from acids, while othen ';:ia' “"“;:' ':'ﬂ {:':""% - :W-” gmol™
lower In the serles cannol, rge on Ag”lon (n) =
: Calewlate the total charge passed
Ans. Metals higher In the activity serles [e.g, Zn, Mg) are more reactive and have a greater tendency 1o ke Trap1:-Caicutnn the ¥ rgl = |n1{-c:]:5wnnums-9wc
electrons [oxidize) compared to hydrogen. When reacted with acids, these melals displace i Step 2: Determine moles of Ag deposited .
lons (reducing them to Hy gas) because thelr reduction potentlal Is lower than hydrogen's. B m 0.503g
Metals lower In the series (e g, Cu, Ag) are less reactive than hydrogen. Their reduction patential is higher, Moles of Ag = w = —. =d,663 = 107 mal
meaning they cannot supply electrons to reduce H* lons, so they do not displace hydrogen from aclds, 107 87gmal
In short, electrochemical reactivity [position In the serles) determines whether a metal can reduce H* Lo H;, Step 3: Relate charge to moles of electrons (Faraday's Law)
Since Ag' 4+ — Ag, 1 mole of Ag requires 1 mole of electrons (1 Faraday = 96,485 C).




Mﬂm&%
Tem crarge reguired for 4663 = 107" moil A

Gy Wﬂull‘_n‘-l“i.]ﬂ":ﬁjl’jﬂ
2.1 e achual charpe wied (O = 900 C 5o
Moleso! &g 4563107

Step & Cicuiate Avogadro’s number [M.)
Fe Muwe|wherse=1802=10"C

= 1930 = 10° Cmal!

Soce
4]

My = E.M,”u.m“
e 1602=30°"

Final &rgwer: M, = 130 = 107 me
mmuwhmdmmmmm”nﬁm“ﬂhﬂﬂwhw

e 6.02 x 107,
——

© Acel 5 set up with 3 standard nickel slectrode (NUL, +2e" —Ni,, E°=-025V) and 3 g,

cobait electrode (Col +2e" —=Cn, £ =-028V].
] igestity which metal will be the ancde and which will be the cathode. Justify your answer.
) Wree the balanced overall cell reaction.
E) Calculate the standard cell potential (€], L

SoluTen
i1 lserufymg Anode and Cathode
s+ Stamdard Reduction Potentials [£7):

= My, Ex-035V
= el s=——={(on. E=-glaV
s Comparzon:

= Mugesi R332 less negateve (hgher] reduction potential than cobalt
s  Cathode (Reduction): The slectrode with the higher reduction patential (Ni'*/Hi).
*  Ancde [Omidation): The elecirode with the lower reduction potental [Co™/Co), where oaidatin
s
Rezsom
Snce. Ewr > Elmzo. N7* gains electrons reduction) at the cathode, while Co loses electrons (oridang
#t the gnoce
8] Baignced Overall Cell Reaction
» Cmidation at Anode (Ca): Co,, —+Col, = 2¢
»  Reduction at Cathode (Ni): NO, =2 —hiy,
«  Owerall Reaction: NC, »28" — N,
Smndard Cell Potermial (E¥cell)
£, = B -t
£, = [-025V)-{-028Y)=+003V
s The postrve £ confirms the reaction s spontaneous.
= Cobah [anode) dissolves, while nickel {cathode) deposits.
Fral Answers:
i} Anode: Co, [oudation)
Cathode: Ni_ (reduction)

i) "f:l; +Co, —+Mi, -l.',qr:u [11)] E:.. =+0.03V

#

H
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DESCRIPTIVE QUESTIONS

1 How electrode potential varies with concentration of an squesus salutionf Lise the HERNST ssgustion i
ceplaif Lhis varlatiomn

See Page Ho. [156)

\

[~ ]

\

-

|

How Avogadren's numbar can be derteed uting sn slectrohle cell?
Sen Fage Na. [34%)

5e

\

g5 Deseribe the eanstruction and wnrking princigte of the fn - Cu Gabranie el
Ani. See Page Na. |351)
Q5 Wnat iz meant by Standard Wydrogen Dlectiode [SHE]? Mow i s used 16 messure the slactiode petential

of anather electrode f

Ams. See Page No. [348)
a? Caleulate the electrade potential for @ fine electrode immarsed in 3 0010 mal do® selution af rine
sulfate (ZnS0.) at 292 K. The standard electrode patentisl () for Jn;"“ vide o “..".n“‘ i =006 . |Gas

NUMERICAL PROBLEMS

constant, R=8.31 JK ' mol ', Faraday constan, Fs 56500 C mal ' )

Creen Data:
o Standard electrade potental (E°) « 076 4 Tar fn' « Je =
e Concenteatsn ol 26 ([En")) = G010 mst dme?
s Temperature (T)= 398 F
a Gasconslant (F) =& 31 1¢ et
o  Faraday eonstant (F) » S6500 € mal™
o pinumber of slectrans transterred) = 2
perngt Equation:

= Froal

£=f

Since the actraty of salid Za0s) is 1, the squation senplifies to

Eep @m“[m |

(21 29E K,

BTl
._,'3’_‘!?.' = 00591 V)

Substitute Values

00991

E=-076

Iog (0010

Ea 00551
E = =076+ 00591
E = =0.700%

E =-0D70V

.76 I+ logdO i) = -1)

#1-2

Final Answer:
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Q.8 A constant current of 2.00 A Is passed through a salution of copper(ll) sulfate (CuS0,) for ﬁm -"""';ﬂ] and Cathode Identification

Calculate the mass of copper deposited at the cathode. (Molar mass of Cu=63.5gmor, hr“.‘ ¢ anode [Negative terminal): i, (ouidation)
constant, F= 96500 Cmal™ ) + Cathede (Positive terminal): SHE (reduction)

S—— Current (I} = 2004 _-h-hh\‘ !l - ADDITIONAL SLOs BASED mcaQs J m

Time (1] = 30.0 minutes = 1800 seconds
Molar mass of Cu = 63.5g mol™

j  Byclectrolysis of brine solution which of the following b deposited at anode?

Faraday constant (F] = 96500 C mal™ AN B Ch co; o Na
Reaction at Cathode: y  Which af the following s reducing agent?
Cu"_ + 20" —aluy,; & KAtn0y a8 H C K:Cri0s D M504
Step 1: Caleulate Total Charge Passed (Q) L The oxidation number of Mn in potassium manganate b
Q=I=t i -7 B & C 45 0«2
=2 00A=1800s=3600C L Alelthe following statements about (oxidation) state is [ are correct EXCEPT:
Step 2: Determine Moles of Electrons Transferred & it apparent charge on an atom in a compound B 18 value i either fefo, paslive or pegalive
a 3600 C it ean be varable D. Mawsmum guidatian state can be o F
Molesofe” = T = 95500 =0.0373 mal ¢ Inthe estraction of Al by electrolysis. Why it is necessary to dissolve AliDy In malten oryolite?
A Cryolite provides the ions needed to carry current B. To decrease high melting point of the electrolyte

Step 3: Relate Moles of Electrons to Moles of Cu Deposited

Since 2 moles of e- deposit 1 mole of Cu: € Cryalite reacts with A5L0, Lo form ons D, Molten ATOy would not conduch elecincity
Molesofe™.  0.0373 : 4 Allof the following Is [ are characteristic of electrolytic cell excepr:
Moles of Cu = e = _-.-1— = 0.01865 mol & Elzctrical energy into chamical engrgy B Anode has negative charge and cathode poditee cherge
€ Reverse of addition reaction D. Endothermic proces
: Caleulate M Deposited
Step 4: IM“E::CD: Eﬂ:r:;g um AT 3, Asolution of copper (I} sulphate is electrolyred using copper electrade, which of the following would be
0018656355 11845 e

Final Answer: 1.18 g A The znode foses weght B. The cathode loses weight

€ The salutron darkens in calour D The salution lighters in colour

6.9 A galvanic cell consists of a standard hydrogen electrode [SHE] and a Hi‘ IHI{_:I all-cell, ™ | & Which is not a galvanic eell?

measured cell potential at 298 K Is 0.25 V, and the nickel electrode Is the negative terminal, 5 Din*l::"ﬂ : I“B s Tl oxd 0. Dry Celt
a)  Write the balanced overall cell reaction, g Voltage of silver oxide battery is:

A LSV B 18y Com 0. 232

b) Determine the standard electrode potential (E°) of the m;;] /iy, half-cell. o g ead i A it et i i i N

¢} Identify which electrode Is the anode and which is the cathode. A Negative reduction patential B. Positive reduction patential
Ans. T € Negatve oxide potential O Positive axide potentlal
a] Balanced Overall Cell Reaction jL The following standard haif cells are connected
Since the nickel electrode Is negative, it acts as the anode (oxidation), and SHE is the cathode (reduction) ' Cd o2 e=2 O Ered = -0 AU
Oxidation (Annde): i

AT e e w=2 g Foned = +080¢

Ny, —+ N, +2¢7
What Is cell potential of the Cd electrode relative to the Ag slectrode?

Reduction (Cathode):

X ) A2 v B -0.04v C+12v D +0 d0v
IHL, + 18" —Hy, 1. Tinc displaced copper from copper sulphate solution because:
Cverall Reaction: A& Arormic no. of 2inc is higher than that of copper
N, +2H, __,N,;’:‘] *Hyy 8. Zinc has more negative electrode polential than copper

h} Standard Electrode Potential iﬂ.'“f HI"}'HI € Zinc has positive electrode potential than copper

Glven Data: 0. Tinc sulphate is more soluble in water than copper sulphate

Measured Eon = 025V 1. Thecell re:.::I.::nInq- Cuay = InY g+ Cu, I8 best represented by:
SHE reference potential: ACuled |12 |2n B. P2 | [Cut |Cu €. Zn|In' | 1Cu™ 1Cu 0. In|Cu™ | |2n'" |Cu
E:-ﬂ-. =0V . . Which of the following Is type of efectrolytic cell?
; ~E® A Ni=Cd cell B. Down's Cell C. Silver owide cell D. Dry alkaline cell
using Ecen = Ernote ~Elnoce 15 If the salt bridge Is not used between two half cells, then the valtage:
025 = 0-E;. A Decrease rapldly B. Dacrease skowly C. Does not change . Drops to tero

E""m,1 " =0.25V
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- ADDITIONAL SHORT ANSWER QUESTIONS

Q.1 Wheot s Winider method?
Ang, M riwsr method 4 3 techregue used to mexture tha amount of dissohved owygen mﬂl_:.:._:
=mpies 7 5 bated on the idea that gissolved oryg=n [DO) in the sampie sohstion, has ¢
raperies and reacts with KL The amount of iodine formed & measured Dy LIrAting with g,
reasulfate using starch as an indicator which turns the solution dark blue, indicating the snone
Tre smount of wdine formed is proportional to the amount of dissolwad OXYEED in Lhe Solution

Q.2 Diferentiate between dissobve and bisiogical oxygen demand.

Ans. Drzsolved orygen (DO) is gefined as the amount of oxyZen dissoived in water. It is dissobved sy
fram the atmosphare or released by pianis during pholosynthesis in waler. N5 conceninree
setween 510 8 mafdm. The mimmum level of DO should be 5 mg/ dm®. Below 5 mgfom’, the wee
suooosed to be poliuted
Tree capacity of organic matter in natural water 1o consume oxygen within a period of frve daye T
vaiue of BOD 3 the amount of oxygen consumed as a result of ologcal oodabion of die
greamit matter in the sample s called tological onygen demand

——

Q.3 Wrat it the principle of photoveitaic cell?

Ans. Printiple of Photovoltaic Calls
The central pringiple behind the operatian of PV ceils s the photovoltaic effect, winch involver e
gerzration of voltage and electric current in a material upon exposure to light, The photovoliai efse

solves the excitation of electrons from the valence band to the conduction band in sermiconducse
fa=izated by the energy fram photons. This process is improved by the presence of a PN pnos
which separates the electrons and noles, creating a voltage that drives an electnic current.
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-7 pEerents Detwien owidizag agent and recusog AT
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e e o | Remooms Agemt
fid A SeCe wisth faaSize 3 sbFnc® o 3 mdla | ) 2 ipece wiuih el 3 RDVaTCe B2
RACILT 5 GG & omitieg ggest or ot | o reachon 5 cfied 35 2 reduoeyg
I__ i Sl SF BSOS
T S

) =T PTOOME, 1N onadong apent o recared dard |{.-', = The Seocey YW redoOng sl

® CLIINg JEEeT prem pwctenns aad X pwipee | [H)
SSTOeT Deffpasd @& [Me 20 ol
=D, 50, 0050, HNDs, CL S et

s Ousstion: Thets ¥5s three defmriory
fi lossof eeciron (M) lossofsygrogen  ([H] Gaof cwyadn
pusation Number/ Cuidation Sote:
Thz I203TEN] CRETEE ON 20 20Mm of 3R Siemeel o 3 PoBCule OF @ 0 On 5 Saled ONRSItEn TomBeT OF
sudzion state ©
() Cugates number of O ig =& on 0r:0- [F) Cxtatem ' P 5~ 5 o NasPl
77 whstis E¥erence between ouidation and reduction process, frve ome sxample of each?
*AzZmion of oxygen or removal of hydrogen i | “AdSEion of hydrogen or removal of ovvpea 8
mfed pudatian” calied oudaton”
s Loss of electron and Rance incrmase | e Gain of electron 20 Rente Jec cumE o
oxidation number i caled oudaten QRASTION UMBSEr & SISE recLITe”
eE, In—sIn"=2g eg Cu=le —=Cu
» I dleIirochemeo] oalls oondaton et place | 0 0 glpctrochemacsi RS redulTon I3a+3 plaoe
st anode. 2% cathode.
48 Write down the cxidation states of oxygen in peroxide and super axides.

i Cnifabon States of Owygen in Peronides and Super Cuidex
inperonses, ovygen has—londation state e M, O

in supsrande it has -1/7 onidation state eg. 00

23 Dalculats the oxidation number of underiined elements: HNO, : CrDy

k1 BN
Gren

Regui

Data: Ougdation NumberofD = -3
Daidavon KumbarofH = =1
red: Oudation NumbargfN=x = ?

Selution:
[Cndation No. of H] = (Owidation No. of Nj = 3{0hedation o of D=0

(=1)=x=3-2}) = D
«1+x=6 = 0
1 = +6-1zs5
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Oxidation Numberof Mis+5 In HNO,
€,
Given Data:  Owidation NumberofQ = -2
Reguired: Oxidation NumberofCr=x = 7
Solution:
Cdation No. of Crj + 3(Oxidation No. of D)= 0
A+3-2} = 0
. i-6b = 0
X = 4B ’
Durdation Number of Cr is +6 in Cr0;.
Q.10 Define anode and cathode. =
Ans. Anode: e
An anode is an electrode of a polanzed electnical device through which canve ntianal current "’-“‘H'w,,
device
Cathode:
An electrode of the device through which comventional current leaves the device,
Q.11 Define electrolytic cell, Give example. i
T —

Ans. Slectrolyvtic Cell:
In s call, elactrical energy 15 converied into chemical energy. Non-spontaneous redox reaction i,
place El=cirical energy is used to carry out reaction, Electralysis takes place. Anode 15 positive and cathe,
i negalive. eg. Down's cell [to prepare pure Ma-metal), Nelson's cell (1o prepare caustic s
commercially) ete

Q.12 Oefine electrode potential and standard electrode potential.
Ans. Clectrode Potentlal:
The tentfency of a metal to form Its ions or get deposited on the metal when it is dipped Into solution ofg
own ions 15 called electrode potential.
Standard Electrode Potentizl:
The potential get up when an electrede is in contact with one melar solution of its own ions at 253Kk
I.mpwn as standard slectrode potential or standard reduction potential of the element.”
It is represented as E7
for example, a rod af Zn will hove an accumulation el negative charge owing to the net ionization of some
af ity atoms. This layer of negatve charge will attract Zn*? jons around the rod. In this way, an electnal
tiouble layer 15 formed around the Zn rod as shown in figure. The equilibrium state is represented as
Iny == 1ﬂ|:*+ ie”
0.13 What is Standard Hydrogen Electrode (SHE)? Explain with the help of diagram.
Ans. “tandard Hydrogen Electrode (SHE):
i ostandard hydrogen electrode consists of a piece of platinum foil, coated
with a layer of finally divided platinum biack (to give it a large surface area)
and is connected with a platinum wire. It Is immersed in 1 M HEL solution,
Pure H; gas at one atmospheric pressure is continuausty bubbled into 1 1M
HCL solution,
The platinum acts as an electrical conductor and aiso facliitates the
atrainment of equilibrivm between the gas and ils lons in solution. The
vlecirode potential (oxidation or reductlon) of this standard hydrogen
electrode 5 arbitrarily taken as rero at all temperatures.
E*=0.00V

——

T

'ﬁﬁm & CHEMISTRY {11*) ars

—
.44 Write down the Importance of standard Hydrogen Electrode [SHE).

Jns. Importance of Standard Hydrogen Electrode (SHE):
» SHE |5 used as a standard electrode.
» Standard Hydrogen Electrode |s used as a reference electrode and has a potential of 0.0 valts,
» SHE s used to find the reduction potential of different electrodes
« SHE serves as a medium for cell potential calculations.

215 Differentiate between Gahvanic cell and Electrolytic ceil.
Tns. Ditferences between Galvanic Cell and Electrolytic Cell:

Electrolytic Cell Voltaic/Galvanic Cell
= In this cell, electrical energy Is converted into | ®  In this cell, the chemical energy is comverted
chemical energy. Into electrical energy.

Spontaneous redox reaction takes place
Electrical energy is generaled by a chemical
reaction.

Mo electrolysis takes place.

& Mon-spontaneous redox reaction takes place. | »
» Electrical energy s used Lo carry out reaction, | =

+ Electrobysis takes place.

SIS R ——— L}

s Anode |8 pasitive and cathode is negative. Anode Is nagative and cathode is positive.

Example; Zn-Cu cell (Danel cell), lead storage
batiery, sitver oxide cefl etc

» Example: Down's cell (lo prepare pure Na-
metal), Nelson's cell (to prepare caustic soda
commercially) etc.

0009
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. SELF-ASSESSMENT
Total Man; 5
0.1 Encircle the correct option, _[E——E-::--?l

]

Which of the fellowing hall-reactions represents a reduction process?
A Zng—=InT g+ e B Fe'u—rFe"aat e € Clyg+ 2e —»2CL g

The activity series of metals arranges metals in order of their:
Al Atomic mass B. Densily C. Ease of oxidaton

D IH g + 2° — Hiyy

D. Ease of reduction

(i) The Nernst equatlion relates electrode potential to:
A, Termparature anly B. lon concentration and temperature
C. Pressure only 0. Volume onky
[lv) Inthe Cu-Zn galvanic cell, metal which oxidized Is:
A.Copper B. Zinc C. Bath D Neither
{w) The principle of measuring DO by Wrinkler's Method Is based on
A lodimetry B. odomerry C. Acid-Base ttration 0. Complexometry
{vi) Which of the following changes would typically lead to an Increase In the rate of electrolysis?
. Decreasing the concentration of the electrolyte
B. Increasing the distance between the electrodes
€. Decreasing the surface area of the electrodes
[t Increasing the current passed through the electrolytic cell
T —
0.2 Write short answers of the following questions. [2 % 8=1g)
(i} Determine Oxidation No. of Oxygen (0) in N2;O
() What is the function of salt bridge in the voltac cell?
{ili} Why bromine does not react with chloride ions?
(lv) Calculate Number of Faradays required to deposit 108 g of Ag'*, 63.5 g of Cu™ and 27 g of ALY,
(v} How and why electrical double layer is formed?
(wi} Winite the principle of the Winkler Methed for measuring BOD.
(i) What is meant by the term standard electrode patential?
(vill) The photovoltaic cells penerate eleciricity. How?
0.3 Extensive Questions. [Zxa=5)
{a) How electrode potential varles with concentration of an agueous solution? Use the NERST equaﬁ;

(b}

o explan this variation

Calculate the electrode potential for a 2ine electrode immersed In a 0.010 mol dm™ selutlon of zine
sulfate (ZnS04) at 298 K. The standard electrode potential (E°) for 2n™ + 2 === Zn Is—0,76 V. (Gas
constant, R =8.31JK"'mol™, Faraday constant, F = 96500 C mol*")

S

v
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§ 11 HYDROCARBONS

plrer studying this chapter, students will be able to:

¢ Classify hydrocarbons as alphatic and aromatie. [Understanding)

o Destribe the nomenclature of alkanes and cycloalkanes. (Understanding)

o Explain the shapes ol alkanes and cycloalkanes exemplificd by ethane and cyclopropane
{Understanding)

o Explain the unreactive nature of alkanes towards polar reagents. (Understanding)

+ Define homolytic and heterolytic fission, free radical initiation, propagation and termination.
({Understanding)

o Deseribe the mechanism of feee radical substitution in alkanes exemplified by methane and athane.
{Understanding)

¢ Mentify organic redox reactions, (Understanding)

#  Explain the nomenclature of alkenes. (Understanding)

»  Explain the shape of the ethene malecule m terms of s and p C=C bonds. [Understanding)

+  Destribe the structure and reactivity of alkenes as exemplified by ethene. (Understanding)

»  Explain with suitable examples the terms isomerism, stereolsemerism, and structural isomensm.
{Understanding)

+  Explain the dehydration of aleohols and dehydrohalogenation of RX for the preparation of ethene.
{Understanding)

» Describe the chemistry of alkenes by the following reactions of ethene; hydrogenation,
hydrokalogenation,  hydration, halogenation, halo hydration, epovidation, oronolysis, and
polymenzation. (Understanding)

+  Explain the concept of conjugation in alkenes having alternate double bonds. (Understanding)

+  Describe the mechanism of electrophilic additien in alkenes, using bromine/ ethene and hydrugen
bromide propens as examples. (Understanding)

v Use the IUPALC naming system for alkenes. (Understanding)

v Explain the Inductive effects of alkyl groups on the stability of primary, secondary and tertiary cations
formed during electrophilic addition (this should ba wsed 1o explain Markovnikov addition).
[Understanding)

= J
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» Mydrocarbons i a class of organic compounds thal consists ol only carbon ;rh;;‘*-
Hydrocarbons are abundantly lound in petroleum and natural gas, ™

* Uses of Hydrocarbons: They are frequently used as domestic and Industrial fuels, gy,
hydrecarbons have many synthetic applications,

» Unsaturated hydrocarbons, especially alkenes, are used as the starting materials for a M,
industrial products. Most of the products in the form of medicines, plastics, perfumes, polymg, h:
their origing in hydrocarbons.

&  Classification: Hydrocarbons are broadly divided into two classes:
(i} Aliphatic hydrocarbons (1) Aromatic hydrocarbons

Ty,

ALIPHATIC AND AROMATIC HYDROCARBONS

= Aliphatic Hydrocarbons s
The compounds that are not aromatic are called aliphatic hydrocarbons. Aliphatic compeunds myy
open chaln and cyelic, also they may be saturated or unsaturated. If there are only carbon and hydroge,
atoms In an aliphatic compound, it is called aliphatle hydrocarbon, Alkanes are acyclic aliph,

I
hydrocarbons, whereas cycloalkanes are cyelic aliphatic hydrocarbons. Alkenes and alkynes are acyehe ...

unsatur:led aliphatic hydrocarbons. Figure shows some examples of aliphatic hydrocarbons, ™
M H H H
H —J:—r-H H —f—}—u ﬁi H—C=(—}n
\ !
Methine Ethine Elhine Eﬂ‘\!lﬂ-
H, H;
H,
/ r\;,:" VA i e Ny e ey
ar o
HE H "—lH: H}—c./Hl H‘l‘\ﬁ ..--"Lﬁ O
Cyclopropane Cyclobutana Cyclopeniane C;\cluﬂ.“n.

Figure: Aliphatic hydrocarbons
= Aromatic Hydrocarbons
Aromatic hydrocarbons is a special class of oyclic ydrocarbons that B

have high carbon to hydrogen ratio and are based on benzene
[CaHs) or resembling compounds. Benzene is the basic aromatic
compound and other compounds such as toluene and phenol are its
derivatives, Flgure presents the structures of some aromathe

hydrocarbons.
CHy CH, - CH,
: !
H-i:[""' "““*':I:H Hcﬁj cH Hc:l-'"' %I{I'.:H
or
HC CH HC I!?H Hé CcH
R ~F =
¢ g %
Benrens Meihyibenrene Ethylbenzene

FAgure: Some aromatic hydrocarbons

@ Rock Your Mind!
S ——

1 Hlﬂ.l'qll enzene Is also called:
A Hylene B) Tahsens
ClCyclohexane D) n-heptane

Ijjlmuﬂlnulnm
The term aromatss wal dechod fos
the Greek word 'woma' sessy
“lragramt™ and B wied B oprg
chemistry for 2 specil chu d
compounds  [aromatic  oompoues)
having charactenists odour
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G
e NOMENCLATURE

T wanes or Paraffins (Latin Parum-Little, affins = afin

Al
" ajkanes are saturated hydrocarbons with the general formula CH,..,. Methane (CH,) Is the simplest

member of this family. The homologous series of alkanes with condensed structural formulae and
molecular formulae are shown in Table,
Table: Condensed structural farmulas and mabeculsr formulae of alkanes

IUPAC Name | Maolecular formula | Condensed structure

Methane CH, CH,
Cthane CH, CH,CH,

Propane CyHy CH,CH,CH,
Butane CHy, CH,CH,CH,CH,

Pentane CHy CH,CH,CH,CH,CH,

Hexane M CH,CH, CH,CH,CH,CH,

Heplane CHy, CH,CH,CH, CH, CH,CH CH,
Octane My CH,CH,CH,CH, CH,CH,CH,CH,
Nonane Gy CH,CH,CH, CH,CH, CH,CH, CH,CH,
Decane CaMyy CH,CH,CH, CH, CH, CH, CH, CH,CH,CH,

$:Dld You Know?

Butane s 3 fuel uted in Bghters. sobutane b used ;v a propellant in
producis such as shaving gel

3+ Alkyl Group:
The group obtained after the removal of one hydrogen atom from an alkane is called an alkyl group. The
resulting alkyl groups are named by replacing <ane of the alkanes with yl. Few examples are shown in

Tablel & Table 3. -
Table: aliyl growps, thelr names and abbreviations

Alkane Alkcyl group Abbreviation
CH, Methane CH, = Methyl Me—
CH, =CH, Ethane | CH,=CH, = Ethyl Et—

For alkanes with more than twe carbon atoms, more than one alkyl groups ¢an be derived.
Table: Ayl groups, straight chaln and branched and thelr names

e Posslble Alkeyl Groups
I
CHICHCH CH,CH,CH; - CH,CHCH,
. n-Propyl group isoPropyl group
ropane {Propyl) {1-Mathylathyl)
—F - 1
CHCHCHCH  cugmdncw, O o7 HC-C-CH,
CH,
HyCH;CH:CH; IsoButylgroup g
n-Butyl group sac-Butyl group -Methyiprop tert-Butyl group
(Butyl) u.menm HePIoR)  (1.1-Dmetnytpropy
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2 HNomenclature of Alkanos —
Branched chain alkanes are named according to the lollowing rules @ Rack Your Mind|
Locate the longest continuous chain of carbon atoms, this chaln | o Lol o names ol the p..._.
determines the parent name for the alkane We designate the ommprundl  suseding 1
foliowing compound as & hesane because the longest continuous
chain contains e carbon atoms

[M,C —CH—CH/— CH— CH —CH, |

ipatem
] [EML DM |I-H=-M.m

The longest continuous chaln may not always be obvidus from the way the Tormula B owritten. Notis, g,
example, that the following alkane 1 designated as & heptane because the longest chall comaing ey,
carbon alomas,

(Me—cn—chn— cn— cn}-C&H

CH,
|

Number the longest chain beginning from the end nearest 10 the substituent ARPIVIng i rule, sy
number the two alkanes :huwn ahontn the luunmn.l way
Lc—cu,— mt,— CH— 'll.‘.'-H H

CH
I
CH.

]

[H.C—CH,— CH— CH— CH—CH,]

Wi B

Use the numbers obtained by the appbcation of rule 2 to designate the location of the wubstituent greup
The parent name & placed last, and the substituent group, preceded by the number deugnating iy
location on the chain, is placed first. For example
T L] L ] & 3
[H.ﬂ — CH, — CH, — CH, — CH
I
Algnythegtane ‘M,

¥

CH,

r . ] i ] 3 ]
H,C—CH,—CH,— CH,— CH, — CH—CH,
Z-MsthyihestEne @;}
When two or mone substituents are present, grve each substituent a number corresponding to its location

4-Ethyl-2-methyhesane
The substituen! groups should be listed slphabetically (ie ethyl before methyl) While deciding on
alphabetical order ignored mulliplying prefioes such as “di® and “tri”

SCHOLAR B CHEMISTRY (11%) P

p—
g, Wheniwo suibistituents are present on the same cabion atom, ue that nembe s twice

M,
I
MIC=CH - (f <‘en-tm, -"en,
CH,
&n,
3 Ethyl - 3 - methyihesane

g When teo or more sulistituenty are identical, indicate this by the pretimes i, tri, tetra, and o on Then
riake cretaliy Wl each ane every sutistitient has § numbser,

M, MG CH,
HC—GH —GH—CH,  HC-CH-CH-CH-CH, e~ .::;_ ,;; —CH.
CH, CH CH, CH, HC CH,
2, 3 « Dimsthylbutane 2,3, A - Trimathylpantana 2, 2,3, 3 - Totramuihylbutana

Application af these e rubes alltws s to name most of (he albanes Thal we thall encounter. Two other
pulies, haweyer, may be regquired occasionally.

7. When two chains of equal length compets for selection ay the parent chain, thoose the chain with the
grealelr pumber of subsslituenty

Me-tn, —‘(EH “en-"eu —,l.‘I:H ='cH,
1 1
cH, CH, CH, CH,

CH
[

CH,

2,3, 6 - Trimathyl - 4 - n - propylheptane
B When branching lirit occurs at an equal distance from either end of the longest chain, choose the name
it gevea thae lawer number ot 1he lirsl point of diference

tH, -.{fH 5V cH +’?H -'en,
CH, CH, CH,
2, 3, § - Timathyihexane (not 2, 4, 5 - Tnmethyihexane)
S Homenclature of Cycloalkanes
Cytloalkanes are named by attaching the prefis ‘cyclo’ 1o the names of the alkanes posessing the same
number of carbon atoms. Figure 113 R

0.0 9 O

i e oA g A Cantrenan namm fi-l eyt e s snm
Uihplpgi bbmines  AUPAD neme | MemgeSracniacene | 1 4-Terewibyloptiaheusss  IUPAL name Fropyoiopoiohecsns

Figure Marming cytioslianet
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I {Fd| QUICK CHECK TI. | -;""";_ Alkanes an loalk
-di ropant. i,
!:!m. :-'.Mnhvﬂ“ ‘Tb:mm::w“ i | The carbon atom in an alkane has four sp' hybridized orbitals and forms four single bonds that are
! CH; = CH —CH;z=CH, X gquidistant from each other Figure. Alikane malecules have a tetrahedral shape around carbon atoms.
i ; ! carbon atoms in alkane molecules farm sigma bonds
[ CHy | with surrounding carbon and hydragen atoms,
I 2-Methylbutans N s @ result, carbon atoms in alkanes are surrounded
' 2,2-Dimethylprapane (Neopentane) | by 4 pairs of bonding electrons which equally repel
! CH; E gach other to form 109.5" bond angles and a C-C
| CHH{!_‘,-CH : pand length of 1544 The shapes of organic
- ) : 3 | molecubes are generally represented using balland stick  sp’ hytnd tetrahecral
I i {armula. The shapes of some straight chain allanes Figure: 5p* hybridised methane and elhane sre shown
CH, |
i [Tabile).
2,2-Dimethylpropane i
E b)  Write down displayed formula of 2,3, 3-trimethylhexane and methyleyclchezane, | — AT e & Table: Shapes of some 5t chain alkanet
| Ans. 2.3,3-trimethylhexane 0 Forenuls Structural Formula 3D Structure
i CHy ' =3
|
: CHy — CH ~C — CHy ~CHy ~Ch | Methane CH,
i CH; CH; !
i Methyloyclohexane | ca
CH, P
| | Erhane CH,
l |
L] —
| e} Give two differences between molecules of cyclopentane and pentane? i
' Ains. §
I 1. chemical Formulas I Propane C,H,
I Cyclopentane: CiHys, Pentane: CoHy -
P Pentane has two hydrogen atom more than cyclopentane, ! o
| 2. Structure |
i Cyclopentane: It is a cyclic (ring-shaped) moberlﬂe with five carbon atoms forming a closed ring I Butane C,H,.
t
L] i
| e N | — — :
i . Cycloalkanes are cyclic, meaning that the carbon atoms of the molscule are arranged in the form of a ring.
| HE—dH, | Cycloalkanes are also saturated, meaning that all of the carbons atoms that make up the ring are singly bonded
H 1. Pentane " toather atoms. The structural shapes of cyclopropane, cyclobutane and cyclopentane are shown below [Table]
I CHs = CHa — CHz — CH; = CHs | wikie: St fawrcycioulamies
' CHJ cH 5 CHy—CH 1 IUPAC name & Molecular formula | Structural formula | 30 Structure
| ; Do & g = ¥ I H
] | | cl
I CH;y | Cyclopropane CyHs / \
' A pentane i3 a straight chain or branched maolecule. I H,E CH - b
| d) Eicosane is a straight chain alkane whose molecules contaln 20 carbon atoms. What is the molecular | . : =
! formula of eleosane? i H.C £H, i
! Ans. The molecular formula of eicosane (a stralght-chain alkane with 20 carbon atoms) is: i Cyclobutane CiHy | l
| CaoHaz | HC——CH, w3
[ Explanation: b d
| General formula for alkanes: C.Hpa.: ! Hiba ,:/c :
; Forn=20; I Cyclopentane CiHis \NOOH / .
4 H=[2x20)+2=42 R HEC CH, L
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UHREACTIVE NATURE OF ALKANES TOWARDS POLAR REAGENTS

ie. affms = affnity) are inert towerds eoids, sleals, omduaing and

momz ppanty yndsy prifmary gonditag

==

n mom-Polar Nature
The laok of ATy & Flaared under normal cordilions may be expizined on the bass of the pon-polarity
of 1o Bonds forming them The electronepatiety valuss of carton (2.5) and hydrogen (2.1) do nat differ

cerzially #nd 1h2 Dondeg eieirons batween C-H and C-C are equally shared making them simost

raragalar ang "!‘n-'.'l‘l' My WArEECne

[ irertness of 3 Sigma Bond
The wrresilve nature of alcines Gin aiso be expleined on the basls of inerress of 2 sigma bond. In 2

= bond 1he slacirong pre very Hightly held Between the nucle: which makes it a very stable bond, A lot

ia raguered 10 breaa . e.g., C—H bond energy is about 412 kl/mal.

E_ Did You KnowT
atom predees COL @ preersoute [a5 doniracteg 1o chegte change
o g M farbos moncwede (DD ard pastculite matter. which
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REACTIONS OF ALKANES

g™
gl enafEy ia

alafas o

Uadar high temperature or suitzble conditions, alkanes undergo two types of reactions
L Thermal and Catalytic Reactions. e.g., Combustion and cracking
£ Free radical Submiiut-on feactions are the reactions that imeohve replacement of one atom, or group ol
atoms by another through the free radical mechansm
-

@ Describe the free radical halogenation of methane using Cf; as-an example,

= Free radical Substitution Reactions
Substitution reactions of slcanss take piace in the presence of hght
enargy through the foarmatian of highty reacteee free radicals.
» Example:
Halogsnation:
*  Ths substitution of @ halogen atom with 3 hydrogen of an alkane, called halogenation
+ With Chiorine and Bromine: Alkanes react with chionne and bromine in the presence of sunlight or UV
light resulting in the successive replacement af hydrogen atoms with halogens.

The seteet of malagEnitan of aloamnes
gepends Gpon The comeentration of Ny
whED
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r B Quick cHECK N3 :
’ faptan why alkanes have high stability? :
= sz oy of Alianey Is due to: |
1 Srong C-Cand C-H Bonds: '
=gh bond dissociation energaes {eg. C-C 3238 W/mgl, C=H: 413 kJ/mal] I
2 Nenpolar Bonds: i
J Eectronagatnily difference batween Cand H is neghgible [AEN = D), Tking them resctant 1o

sactrophile/nuclsophadic attacks,

1 Saturated Hydrocarbons:
Oy singie bonds (o-bonds) with no reactrve m-slactrons (uniike Sliznes alicyres)
4 Tetrahedral Symmetry:
st hybridization minimizes stenic trin and electron repulsion
3. Imertness to Common Reagents:
Usreacine toward aods, bases, and ondizing agants a1 room temperature.
5 Combustion Requires High Energy:
Nzad strong @rilion sources (e g heatfsparis) to break stable o-bonds
Conclusion: Stabiishy arises from strong, nonpalzr, single borads and fack of functional groups.
'y Whatare major types of reactions that alkanes undergo?
It

Burng i owygen to form COy = HO + enegy (e.g. mathane: CHa » 20; — €O, = 3H;0)
1 Halogenatron [Free Radical Substitution):
Reacts with halogens (Cly/Sry) under UV light to form aliogl halides (e.g . CHy = Cly —» CH,CL = HCL)
1 Cracking [Thermal Decompaosition):
Breais inte smalier alanas/alienes at high temperatures (8. CaMyy —» Cyblag = CyMa)
4 lsomerization:
Cemverts straight-cham alcanss (o branched somers (catalyzed by acids/metal catalysts)
5 Reforming:
Comvarts alkanss to oycioalanes/aromatics (e g, hexane —» benzene)
Conclusion: Alxanes are unreactive except under extrame condibans | heat/lght).
2 Fow the termination step occurs in the halogenation of alkenes?
deg. a2 Free Radical Substitution Machanism of Alkanes: (i Termination Siep)
£ Stte the conditions undar which 3 mixture of halogenoalicanes is obtzined from the halogenation of
Taares.
i 2 minture of halsgenoalicanes i obtsined durmg the halogenaton of alanes under the folowing conditions il
L Escess Alkane |Low Halogen Concentration)
Pravents complete substiution, yigiding mong-, di-, 1=, #ic, halogenated products
L Non-Selective Free Radical Mechanism
¥ Initiation:

I
I
L]
I
L]
!
I
|
I
1. Combustion: i
|
|
I
I
|
|
I
|

L L

|
]
|
L]
"----l--——-.-----'—.-n—u---—-—-----—---_---_-—-—-—l



Chapter 11 ¥

ELT . NM
I~ "7 V7 Propagation: e __:‘--“-.._\
' o+ X" R+ HX I
! Ry S RX+ X" i
1 = Multiple substitutions occur as any rlmlh'llngﬁ-'H bonds can react further, |
' 1. NeControlled Stoichiometry '
| Malogen (CLy/Bry) reacts randomly with aflllable C - H bands, producing mixed prog |
- CH,CL, CHCLy, CHCL, CCL, from methane), ety {*L]
! 4, Example [Chiorination of Methane): .
I CHy ——""Cy CHYEL + CH1CLi + CHCL + CCLy + HCL |
1 #)  Predict the products of the free radical chlorination of ethane. i
| Ana,

' 1. Monochlorination: g
| Chloroethane (Ethyl chioride) ]
L]
| CHLCH, + CLy —7 CHyCH,CL + HEL I
i 2. Dichlorination: '
| 1,1-Dichloroethane |
' CHyCHCL + Cls —» CHyCHEL; + HEL ;
| 1,2-Dichlaroethane -
i CHyCH,CL + Cl ——+ CH;CLCHCL + HCL |
H 3. Trichlorinationt k
| 1,1,1-Trichloroethane |
[
¥ CHyCHCE; + Cly —— CHyCCLy + HCL |
| 1,1,2-Trichloroethane i
] CH;CLCH,CL = Cly —— CHyCLCHCL; = HCL |
| 4. Tetrachlorination: i
i 1,1,1,2-Tetrachloroethane !
i CHyCCLy + Ol — CHyCLCCEy + HCL |
| 1,1,2,2-Tetrachloroethane i
! CH;CLCHEL; + Tl — CHCLCHEL + ML |
| 5. Pentachlorination & Hexachlorination: i
i Pentachloroethane (CHCLCCL,) |
| __& Mexchiorosthane (CCliCOL) |
ALKENES
Mkmﬂ‘ are unsaturated hydrocarbons, unsoturoted hydrocorbons are compounds of hydrogen
carbon only whose molecules contain carbon to carbon double bonds (or triple bonds). Alkenes havese
hydrogen atoms less than the corresponding saturated hydrocarbons.

= MNomen Alk

The IUPAC rules for naming alkenes are similar in many respects to thoze for naming alkanes,
1. Select the longest continuous chain that contains the € = C as the parent chain, Change the ending of

narme of the alkane of ld-:nllﬂl length from —ane 1o —ene, 8.4,

H,C — CH, —CH,
4 5 P
HC—CH, — CH,—C == CH — cH,
Ln-Propyh2-hanens

2. Number the chain so as to Include both carbon atoms of the double bond. Numbering begins Tram theet)

nearer 1o the dauble bond
CH,

L] g 4 3 | L]
HC —CH — CH,— HC = CH — CH,
&-Mathyl-2-renene

1

=—
pemgnate the location of the double bond by using the number of the first atom of the double bond as a

gmpm——
= Pre

|
Any.

e o — e — i —
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prefix. 2 3 1 1 2 1 4 5
CH — CH,—CH, HC ==CH—CH — CH — CH,
1-tutene t.pentere
indicate the locations of the substituent groups by the numbers of the carban atoms 10 which they are
siached.

1
HGC =

CH, CH,

H 1 2 1 4 sl &
1 :? t 4 HC — C== CH — CH, — C—CH,
HC — Cmmm CH —CH, E.I‘H,
2-Metnyl-7-bulene 2 %, S-Trmethyl I haue e
if the parent chain contains more than one double bonds, they are alkadienes for two, alkatrenes for

hree and 50 on.

"'-ul!ﬂ'bl“" following methods for the preparation of alkenes:

) Dehydrohalogenation of alkyl halides i) Dehydration of alcohols

tion of Alkenes

Alkenes are prepared by the removal of small atoms {H, OH, X] from the adjacent carbon atoms of the
saturated compounds, $o as to create a double bond belween carbon atoms. These reactions are known as
glimination reactions.

in such reactions, a small molecule such as H,0 or HCL, is removed from adjacent carbons in an erganic

molecule. Preparation of ethens through varous methods |s being discussed below
[} Dehydration of Alcohols

Ethene is prepared by heating a mixture of ethanol and excess of concentrated sulphunc acid at
1B0°C. The reaction invohes the removal of 3 water molecule from the alcohal malecute,
CH,CH,0H 35 CH, =CH, + H,0 \
L reaemand [RLTER] wmr
in the first step, ethyl hydrogen sulphate is formed which decomposes on heating 1o produce ethene.
€H, —CH,0H+H,50, == CH, ~CH, =050,H+H,0
CH, ~CH,050,H—""3H,C=CH, +H,50,
fi) Dehydrohalogenation of Alkyl Halides -

On heating, ethyl bromide with alcohalic KOH, ethene is formed, Remaval of hydrogen and halogen
takes place from adjacent carbon atoms Lo create a double bond.

H,C~CH, ~Br+KOH,___ —=* 4 C=CH, +KBr+H,0

HC—CH,—CH,—Br + KOH —— H,LC—CH =CH, + KBr + HO

Physical Properties

I. First three members Le. ethene, propene and butene are gases al room temperalure while €, g,
are liquids and the higher members are salids.

il Theyare insoluble in water but soluble in alcahaol.

fik, They have characteristic smell and burn with luminous Mame.

Eg_;j QUICK CHECK 4
Give the reactions of propanol with H;50., write down all the reaction invelved.

1. Dehydration to Alkene (Elimination Reaction)
Condition: Conc. H,50,, heat (170 °C)
CHICH2CHOH—2242 1 CHYCH = CHa + H20
Propene {alkene)

— e —— —

Reaction:



